Abstract-This paper presents a control process and frequency adjustment based on the Magnetic Core Reactor prototype. For the past decades, there has been significant development in the technologies used in Wireless Power Transfer systems. In the Wireless Power Transfer systems it is essential that the operating frequency of the primary circuit be equal to the resonant frequency of the secondary circuit so there is the maximum energy transfer. The Magnetic Core Reactor allows controlling of the frequencies on both sides of the transmission and reception circuits. In addition, the assembly diagrams and test results are presented.
I. INTRODUCTION
The Wireless Power Transfer (WPT) can be considered as an efficient power transmission process, from one point to another point through the vacuum or the atmosphere without electrical cables or any other conductive material [1] [2] [3] [4] [5] .
The technologies applied in WPT systems are categorized as near-field, mid-range and far-field, which definition depends on the applied operating frequency and "antenna" size. The near-field system is used for very short distances, few millimeters, and employs the inductive power transfer technology. The mid-range system is used to cover distances between a few centimeters and a few meters, using the magnetic resonant technology. These two technologies are nonradiative. In contrast, the technology employed in far-field category system is radiative and requires special care in antenna alignments [1, 2] .
In the wireless power transfer via strongly coupled magnetic resonance the driving coils supply power to each resonant LC circuit (transmitter and receiver). The both resonant circuits are galvanically isolated from the other circuits but magnetically linked through the mutual inductance of the transmitter and the receiver coils [3, 6] . The resonators should have high quality factor and the same resonant frequency.
However, the distance between the transmitter and the receiver can vary and misalignments may also occur. When this happens, the impedances of the resonators change. For to achieve a constant efficiency, the resonators frequency must be adjusted [2] [3] [4] [5] [6] [7] [8] [9] [10] .
The magnetic coupling coefficient is directly proportional to the mutual induction between the transmitter and receiver coils. When the distance between the two coils changes, the mutual inductance is also changed, thus the coupling coefficient is consequently changed too [3, 4] . When there is a misalignment or when the distance between the coils is changed the air gap varies [10, [11] [12] [13] . This implies that magnetic reluctance is changed once it is directly proportional to
. The Fig. 1 shows the relationship between the magnetic reluctance and the air gap. The layout of the wireless power transfer via strongly coupled magnetic resonance [14] is shown in Fig. 2 . The WPT systems, regardless of the frequency and power applied, are not excluded from the standards, regulations and norms dictated by various international organizations and regulations. How the electromagnetic field affects the health of the human beings has been the subject of research and discussion in the most recent decades [15] .
The mid-range WPT systems do not require a close proximity between the primary and secondary coils during power transmission. The use of this technology allows the power transmission to be extended, e.g. to a distance of two meters [4] . This distance that separates the coils do not allow any possibility for shielding of the entire volume filled by the magnetic field. By not having shield, the operation of the system may involve an increase of the emission levels, which can exceed the electromagnetic emission intensity limits and make dangerous the human exposure. This obliges to strictly comply with the approved standards [15] .
The WPT process is essential for spread of EV. To achieve wireless charging, the WPT system must satisfy these three conditions: high efficiency, large air gaps and high power. The WPT via strongly magnetic resonance satisfy these three conditions [3, 6] .
The wireless EV charging system includes several stages. First the AC power from the grid is converted to a DC power. The DC power is converted to high-frequency AC to drive the transmitter coil. The transmitter resonant circuit should oscillate to the resonant frequency determined by LC set. The high-frequency current in transmitting coil generates an alternating magnetic field, which induces an AC voltage on receiver coil. At the last, the AC transferred power is rectified to charge the battery [6] .
A. Magnetic Core Reactor
The magnetic core reactor (MCR) comprises one core and two windings. One of the windings is the AC component and the other winding is the DC control. Varying the DC current through the control winding vary the inductance and implicitly changed the inductive reactance this device. These devices work at the beginning of the knee of the saturation curve of the ferromagnetic core [3, 4] . In this paper it is shown the use of this device for equalizing the frequencies of the transmitter and receiver in WPT system [4, 7, 8] .
The most basic saturable reactor consists of a three-legged magnetic core, with coils wound on each leg. The core is shown in Fig. 3 . The center leg normally is approximately twice as wide as the outer legs. Two coils having equal number of turns are wound on the outer legs. These are the AC coils or the load winding . The coil on the middle leg normally has many more turns than the outer coils, serving as the control coil in DC or control winding [12, 13] .
II. MODELING
The signal amount can be adjusted to the set point of the reactor flux by the amount of φ Δ to any given point of the magnetic loop, in accordance with Faraday Law, given by:
where c E is the power from the source, c N is the turns number of the control winding.
The coil inductance with the winding made on a magnetic core, using CGS units is given by: 
The magnetic permeability is given by:
where B is the flux density, H is the magnetization force.
In (2) the magnetic permeability is the only variable factor for any given core material. The flux density and magnetic permeability as a function of the magnetizing force is shown in Fig. 4 . The values of the permeability increases to a maximum, achieved where the B curve reaches the knee (inflexion point). After this point the permeability value decreases quickly, asymptotically going to zero, with H to increase. If the core permeability of the reactor will vary in the linear region of the curve, then the reactance of the coil reactor will vary linearly as well. The method used to obtain the linear change of permeability is to operate at the knee of the magnetization curve (B/H) curve. In this way, the magnetic permeability change is a linear function of the magnetization force H, even for larger AC component applied [8, 9] . The larger space left for the AC component is important for this reactor, prepared for power applications.
The layout of the magnetic core reactor with the two circuits, i.e., the load circuit and the control circuit is shown in Fig. 5 . In Fig. 5 the current that flows in the load circuit is the current IL. The IL is limited by Rload and the reactance LL of the coil NL.
The value of the inductance LL is given by (2) . When the DC control current Ic is allowed to flow in this circuit, the permeability of the magnetic core will be changed, since Ic will cause the operating point C to shift to point D (Fig. 2) . Them, this change in the permeability core material has caused the reactance of LL to decrease and consequently the coil reactance to decrease too, allowing more current to flow through the Rload. This is the process controlled by the varying of the DC control current Ic. It is possible to vary the load current IL and consequently to vary the voltage at the terminals of the load resistance.
In Fig. 5 the AC source voltage applied to the load circuit, is given by:
where:
Here, in (5), Nc is the winding control turn number, dt dφ is the time rate of the change of the total flux linking the load circuit winding. Reformulating (5) is given by:
Then the flux φ is given by:
where Ø0 is the initial flux.
The flux density B is given by:
where S is the core surface, B0 is the initial flux density.
Comparing (7) and (8) 
III. PROTOTYPE RESULTS
The transmitter inductance variation and MCR inductance variation in function of the DC control current are shown in Fig. 6 . The diagram of the circuit to obtain the inductance value of the MCR in function of the DC control current was implemented in the prototype as shown in Fig. 7 . The circuit to obtain the inductance value of the MCR plus the transmitter coil was implemented in the prototype as shown in Fig. 8 . The range of the working frequencies of the prototype in function of the DC control current is shown in Fig. 9 .
The inductance values were observed during a varying of the DC current (measured by the ampere meter, connected in series in the control circuit). The inductance values are measured by the Digital LCR test equipment. The same procedures were taken to collect the inductance values of the MCR connected in series with the transmitter coil as shown in Fig. 8 . The tuning capacity of the resonant transmitter circuit, i.e., the total Lt and Ct values to the transmitter resonant circuit [16] is shown in Fig. 10 .
The tuning capacity of the resonant receiver circuit, i.e., the total Lr and Cr values to the receiver resonant circuit is shown in Fig. 11 .
The capacitance is constant and when the MCR inductance changes, the total inductance of the circuit changes too, once the transmitter coil is connected in series with the MCR. When, the total inductance varies, consequently the resonant frequency also varies.
The prototype partial view is shown in Fig. 12 of the Fig. 12 . The red coil is the transmitter coil and the white coil is the receiver coil. The driver coils are embedded in each transmitter and receiver sets of coils. The overall image from the prototype constituted by transmitter and receiver coils and the driver coils is shown in Fig. 13 . The transmitter driver coil receives the power from the signal generator.
The input power pulses may have the same frequency (or higher than) the resonant frequency of the circuit formed by the transmitter coil, magnetic core reactor and the transmitter resonant capacitor. The receiver circuit formed by receiver coil, the magnetic core reactor and the receiver resonant capacitor should be tuned to the first harmonic of the primary switching frequency. This condition is essential to obtain the maximum power transmission efficiency.
The defined best tuning points of the transmitter and the receiver circuits can be adjusted through the introduced magnetic core reactors. Fig. 13 . Overall image from the prototype.
IV. CONCLUSION
The energy transfer in the mid-range WPT is made by the magnetic flux. To obtain the maximum transfer of energy it is fundamental that the tuned frequency operation point of the transmitter and the receiver will be the same. Once this condition is fulfilled since the beginning, the control system will have continuous capability to readjust the frequency. In this project the control system is based on the magnetic core reactor. The tests already made have shown the functionality of the magnetic core reactor principle when applied to this control system. This process enables the operation frequency adjustments in a WPT system. With this frequency adjustment process, it is possible to match the impedances between the transmitter and the receiver circuits and to increase the efficiency of the contactless power transmission system. The control method proposed here by applying of magnetic core reactor allows a significant improve compared to other control methods, usually applied. 
